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© A control panel is described for use with a 
system having means for regulating a plurality of 
parameters (xxx.yyy) according to at least one con- 
trol constant associated with each parameter, said 
control constants including a critical constant, the 
control panel comprising: manually controllable input 
means (6) for manually setting new values (e g 
7a,8a) of said control constants and supplying said 
manually selected new values of said control con- 
stants to said system. 

The control panel according to the invention is 
intended primarily for the control of hemodialysis, 
that is to say the purification of the blood of patients 
with diminished renal function or wholly lacking such 
function. 



The control panel according to the invention is 
characterized by comparison and substitution means 
(40) for comparing said manually selected new value 
supplied by said manually controllable input means 
(6) for said critical constant with a predetermined 
range (e g 7c-7d,8c-8d) defined by upper and lower 
bounding values for said critical constant and sup- 
plying to said system a new value of said critical 
constant within said predetermined range in place of 
said manually selected new value when said man- 
ually selected new values supplied by said manually 
controllable input means (6) is above said upper 
bounding value (7d,8d) or below said lower bounding 
value <7c,8c). 
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A CONTROL PANEL 



FIELD OF THE INVENTION 

The present invention relates to automatic con- 
trol systems, and more particularly to control pan- 
els for use therewith. Still more particularly, the 
present invention relates to control panels and con- 
trol systems which are particularly suitable for the 
control of complex equipment and processes such 
as hemodialysis or blood purification procedures 
utilized In patients with diminished or nil renal 
function. 

BACKGROUND OF THE INVENTION 

Equipment for hemodialysis has become wide- 
ly available in recent years. Particularly suitable 
systems are described in United States Patent 
Nos. 4,122,010; 4,158,034; 4.293,409; 4,194,974; 
4,191,359; and 4,536,201, the disclosures of which 
are incorporated herein by reference thereto. Addi- 
tional aspects of hemodialysis equipment and 
methods are also described in British Patent No. 
2,003,274, and in co-pending commonly assigned 
United States patent application Serial No. 531,277, 
the disclosures of which are also incorporated 
herein by reference thereto. 

Although the hemodialysis equipment and 
methods disclosed in the aforementioned patents 
and applications provide effective treatment 
modalities, there has been a need for still further 
improvement. There have been particularly acute 
needs for improvements in the control panels or 
interfaces between the machine operator and the 
machine. Hemodialysis processes typically entail 
the control of numerous operating parameters, 
such as, e.g., various fluid temperatures, ultrafil- 
tration rates, ultrafiltrate volumes, transmembrane 
pressures or pressure differentials across the dia- 
lysis membrane itself, and various different fluid 
flows. The control of blood flow to and from the 
machine, venous pressure, arterial pressure and 
biood temperature may also be required. Each of 
these parameters may be regulated according to 
one or more control constants. In the simplest form 
of said regulation, the system may merely monitor 
deviations of the actual value of the parameter in 
question from a set point or desired value and 
undertake corrective action. Typically, however, up- 
per and lower limits are also provided for some or 
all of these parameters as an additional safety 
factor. Thus, the system may then monitor the 
actual value of the parameter in question and gen- 
erate an alarm signal, where the actual value is 
outside the range between the upper and lower 
alarm limits. Accordingly, three different values of 



the three different control constants - lower limit, 
set point and upper limit - must be supplied to the 
control system for each parameter where this 
scheme is employed. 

s The machine operator must therefore enter a 

large number of different values or different control 
constants into a system to set the system for 
desired modes of operation. In apparatus of this 
nature which has been utilized heretofore, the con- 

10 trol panel typically has incorporated a separate, 
continuously movable maneuvering element such 
as a control knob or slide for each different control 
constant to be entered. Arrangements of this nature 
require a great number of knobs and the like on the 

15 control panel, and hence make the control panel 
confusing and difficult to use. The operator may 
encounter difficulties in determining which knob or 
maneuvering element should be adjusted to alter a 
given function of the system. These difficulties are 

20 compounded where the knobs or other control ele- 
ments are dispersed on the panel, so that a given 
knob may be remote from the gauge or indicator 
for the parameter associated with that knob. Such 
confusion can be inconvenient for the operator and 

25 can also present a safety hazard if the wrong 
control constant is adjusted by mistake. 

Moreover, a further safety hazard can be cre- 
ated if the operator enters the wrong value for a 
control constant. The operator may mistakenly set 

30 a value for an upper alarm limit on a parameter 
which is orders of magnitude too high, and hence 
may effectively disable the alarm function of the 
system. Manifestly, such an error can create a 
safety hazard, inasmuch as the alarm would not 

35 operate even though a potentially dangerous con- 
dition exists. 

Where the system incorporates digital micro- 
processors for comparing the actual values of the 
various parameters with the associated control con- 

40 stants and initiating appropriate control or alarm 
action, it is most desirable to use at least two 
microprocessors including a supervisory micropro- 
cessor and a control microprocessor, each micro- 
processor having a storage register associated 

45 therewith. The control constants are stored in the 
registers associated with each of the microproces- 
sors. The control microprocessor may adjust op- 
eration of the syst m based on a comparison of 
actual measured values for the various parameters 

so with the appropriate set input value, whereas the 
supervisory microprocessor compares the actual 
measured values with the upper and lower limit 
values and generates an alarm if any parameter 
varies beyond the essential upper or lower limit 
The two microprocessors provide redundancy and 
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hence increased safety. 

There has been a problem heretofor in the 
operation of redundant microprocessor systems of 
this nature, where such systems are associated 
with a control panel having analog devices such as 
knobs or other movable maneuvering elements for 
setting the values of the control constants. Typi- 
cally, the maneuvering elements are associated 
with analog electrical devices such as potentiom- 
eters, so that the setting of each knob or other 
maneuvering element must be interpreted and con- 
verted into a digital value of the associated control 
constant by devices such as analog-to-digital con- 
verters. Such analog devices and converters typi- 
cally surfer from certain inaccuracies. These inac- 
curacies may result in the storage of different val- 
ues for various control constants in the storage 
registers associated with the two microprocessors. 
For example, the set point values supplied to the 
storage register associated with the control micro- 
processor by the analog-to-digital converter may 
be above the upper limit value supplied to the 
storage register associated with the supervisory 
microprocessor even though the operator has at- 
tempted to select a set point value between the 
upper and lower limit values. If such a mismatch 
occurs, adjustment of the system by the control 
microprocessor will cause the actual value of the 
operating parameter to rise above the upper limit 
applied by the supervisory microprocessor, which 
in turn will cause the supervisory microprocessor to 
continually signal an alarm condition. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, solu- 
tions to these problems have now been provided 
by applicant's discovery of a control panel, which 
according to one aspect of the present invention 
incorporates manually controllable input means for 
setting manually selected new values of the control 
constants and supplying these manually adjustable 
values of the control constants to the system. The 
control panel also includes comparison and sub- 
stitution means for comparing the manually se- 
lected new value supplied by the manually control- 
lable input means for each critical constant with a 
preset, invariant range defined by upper and lower 
bounding values for the critical constant in ques- 
tion. The control and substitution means supplies to 
the system a new value for the critical constant 
within the preset invariant range in place of the 
manually selected value if the manually selected 
value is outside of th pres t invariant range. The 
present invariant range applied by the comparison 
means for each critical constant is selected to 
encompass a range of values which provides safe 
operation of the system. Thus, if the operator, 



through error, attempts to enter a value for a critical 
control constant which could result in unsafe opera- 
tion of the system, the comparison and substitution 
means will override his erroneous selection and will 

s provide a safe value to the system. In a preferred 
embodiment, the substitution means is operative to 
supply the lower bounding value of the preset 
range to the system when the manually selected 
value is less than the lower bounding value and to 

io supply the upper bounding value to the system 
when the manually selected value of the critical 
constant is greater than the upper bounding value. 

According to another aspect of the present 
invention, the control panel is provided with a plu- 

75 rality of separate display means, preferably graphic 
display means, one of the display means being 
associated with each of the parameters to be con- 
trolled. Each of the display means is operative to 
display the value of one or more control constants 

20 employed by the system for the associated param- 
eter. Preferably, each display means is also oper- 
ative to display the actual measured value of the 
associated parameter during operation of the sys- 
tem. The control panel also includes variable signal 

25 means including a single manually movable ma- 
neuvering element for providing a manually vari- 
able signal dependent upon the position of the 
maneuvering element. The control panel also incor- 
porates parameter selection means which includes 

30 a plurality of manually operable actuators, such as 
push buttons or touch pads, one of the actuators 
being disposed at a portion on the control panel 
preferably adjacent each of the display means. The 
parameter selection means is operative to select 

35 the parameter associated with one of the display 
means upon manual operation of the actuator asso- 
ciated with or adjacent to such display means. The 
panel also includes interpretation means for inter- 
preting the signal provided by the variable signal 

40 means as a new value of a control constant for the 
parameter selected by the parameter selection 
means and supplying the new value of the control 
constant to the system. For example, where the 
parameters controlled by the system include trans- 

45 membrane pressure and ultrafiltrate volume, the 
control panel may incorporate one display asso- 
ciated with transmembrane pressure, an actuator 
button adjacent that display, another graphic dis- 
play associated with ultrafiltrate volume and an 

so actuator button adjacent that display, and may also 
incorporate a single maneuvering element in the 
form of a knob. To adjust the value of a control 
constant such as a set point applied by the system 
with r spect to transmembrane pressure, the oper- 

55 ator simply actuates the actuator or button adjacent 
to the transmembrane pressure display and adjusts 
the maneuvering element as desired. To adjust the 
set point for ultrafiltrate volume, the operator in- 
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stead now actuates the button adjacent the uttrafil- 
trate volume display, but the adjustment of the 
single maneuvering element or knob is substan- 
tially the same. 

Where the system applies several control con- 
stants with respect to each parameter, such as a 
set point, an upper limit, and a lower limit, each of 
the displays is preferably arranged to display all of 
these control constants as well as the actual mea- 
sured operating value of the associated parameter. 
The control panel may further include manually 
operable control constant selector means for se- 
lecting a particular one of the plural control con- 
stants for the particular parameter selected by the 
actuator means. The control constant selector 
means may include default means for automatically 
selecting set point as the particular control constant 
to be adjusted, and selecting upper limit or lower 
limit for adjustment only upon manual actuation of 
the selector means. Thus, the control constant se- 
lector means can include upper limit and lower 
limit actuators for manual actuation, and these may 
preferably be disposed adjacent the single maneu- 
vering element or knob used to vary the control 
constant For example, where the system is ar- 
ranged to apply an upper limit, a lower limit, and a 
set point in regulation of transmembrane pressure, 
the control panel may be arranged so that manual 
operation of the actuator button adjacent the trans- 
membrane pressure display and operation of the 
manually adjustable knob or maneuvering element 
will vary the set point for transmembrane pressure, 
whereas the same operations in conjunction with 
deliberate depression of the upper limit selector 
button will adjust the upper limit for transmembrane 
pressure. 

In accordance with another embodiment of the 
apparatus of the present invention, the control pan- 
el may include limit adjustment means automati- 
cally adjusting the upper and lower limit values for 
a particular parameter when the set point value for 
such parameter is manually changed. 

Juxtaposition of the actuator associated with 
each parameter and the display associated with the 
same parameter facilitates easy and accurate se- 
lection of particular parameters and hence facili- 
tates adjustment of the control constants asso- 
ciated with the various parameters of the system. 
Use of a single manually adjustable knob or ma- 
neuvering element significantly facilitates both the 
construction and the operation of the system. In a 
particularly preferred embodiment, for use with a 
system which incorporates a fluid flow path, the 
control panel may include a pictorial representation 
of the actual fluid flow path incorporated in the 
system. Typically, some or all of the parameters to 
be controlled by the system pertain to conditions 
prevailing at particular locations along the fluid flow 
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path. In a particularly preferred embodiment, the 
control panel according to this aspect of the 
present invention may have some or all of the 
various displays and actuators disposed along the 

5 pictorial representation of the flow path in positions 
corresponding to the locations on the actual flow 
path to which the associated parameters pertain. 
Where the system includes plural flow paths, such 
as both a normal and a bypass path, the control 

10 panel may include pictorial representations of the 
plural flow paths, and may include means for selec- 
tively illuminating the pictorial representation repre- 
senting the flow path actually in use. 

The control panel according to this aspect of 

75 the present invention facilitates reading of the in- 
dividual displays inasmuch as the operator can 
instantly select the appropriate display by scanning 
along the pictorial representation of the flow path to 
the point along the flow path associated with the 

20 parameter of interest. As the actuator which must 
be operated to set the control constants for each 
parameter is disposed adjacent the display for that 
parameter, the same scanning technique which 
leads the operator to the appropriate display also 

25 will lead him to the appropriate actuator. Thus, 
control panels according to this aspect of the in- 
vention further facilitate rapid, error-free setting of 
the control constants. 

In accordance with another aspect of the 

30 present invention, a control system is provided with 
a plurality of microprocessors and a plurality of 
storage registers, the number of storage registers 
being at least equal, and preferably equal, to the 
number of microprocessors. One of the storage 

35 registers is associated with each of the micropro- 
cessors. Each of the microprocessors is arranged 
to control or monitor the same parameters in the 
controlled process, and each microprocessor is ar- 
ranged to apply, in its monitoring and/or control 

40 operation, values of control constants stored in the 
associated storage register. Manually controllable 
input means are provided for supplying new values 
of the control constants to the system. Digital du- 
plication means are provided for digitally duplicat- 

45 ing the new values of the control constants sup- 
plied by the input means and entering the du- 
plicated values into all of the storage registers. 
Because each new value is duplicated digitally 
rather than read separately from an analog element 

so of the input means for entry into each storage 
register, identical values are entered into all of the 
registers. Thus, errors in the analog-to-digital con- 
version apparatus and other elements associated 
with the input means cannot result in storage of 

55 different values for the control constants in the 
storage registers associated with the various micro- 
processors. 

Display means included in the apparatus pref- 

4 
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erably are arranged to display the new values 
entered into at least one of the storage registers. 
As the operator adjusts the value of each param- 
eter, he naturally observes the display means to 
determine the value which he has set. Because the 
displayed value will be the value actually stored in 
the storage register, after introduction of any errors 
by the input means, the operator's natural action in 
observing the displayed values and continuing the 
adjustment until the desired value is displayed will 
automatically compensate for any errors introduced 
by the input means. Thus, errors caused by the 
input means will not result in storage of incompati- 
ble values for the different control constants, such 
as incompatible set points and limits. The digital 
duplication means may be arranged to copy the 
new values from the storage register associated 
with the supervisory microprocessor into the stor- 
age register associated with the control micropro- 
cessor. The display means may include separate 
displays to display the values of the control con- 
stants entered in both storage registers, so that any 
errors introduced by the digital duplication means 
can also be detected by observation of the dis- 
plays. 

These and other objects, features, and advan- 
tages of the present invention will be more readily 
apparent from the detailed description of the pre- 
ferred embodiment set forth below, taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic frontal view of a control 
panel for a system controlling two parameters or 
variables. 

Figs. 2-4 are views similar to Fig. 1, depicting 
the same panel in different operating states. 

Fig. 5 is a view similar to Hg. 1 but depicting a 
larger panel according to the present invention for 
control of a plurality of different parameters in a 
dialysis system. 

Fig. 6 is a schematic functional diagram of the 
elements in a system incorporating the control pan- 
el of Figs. 1-4. 

DETAILED DESCRIPTION 

Referring to Figs. 1-4 and 6 there is shown a 
control panel and system which is arranged for the 
control of two variables or parameters in a dialysis 
system which includes a dialyzer, a dialysis fluid 
inlet line, a dialysis fluid outl t tin and a dialysis 
fluid bypass line for directly connecting the inlet 
line to the outlet line, and hence bypassing the 
dialyzer. The control panel, as illustrated in Figs. 1- 
4, includes a pictorial representation of the actual 
fluid flow path in the system, and hence includes a 



pictorial element 1 representing the dialyzer, picto- 
rial elements 2 and 2a representing the fluid inlet 
lines to the dialyzer, and pictorial elements 3 and 
3a representing the fluid outlet lines. Also, a picto- 

s rial representation 4 depicts the bypass line. A 
bypass alarm signal light 5 is provided between the 
pictorial representation 4 of the bypass line and th 
pictorial representation 1 of the dialyzer itself. The 
single manually rotatable knob or maneuvering ele- 

70 ment 6 is disposed on the front surface of the 
panel. Two graphic displays 9 and 10 are also 
provided, with each such display being associated 
with one operating parameter of the system. Dis- 
play 9 is thus associated with a parameter denomi- 

75 nated "xxx", which pertains to the conditions pre- 
vailing at the inlet conduit 2, and graphic display 10 
is associated with a parameter denominated "yyy," 
which pertains to the conditions prevailing at the 
outlet conduit 3. Graphic display 9 is disposed 

20 adjacent inlet conduit 2 and includes a common 
linear scale 9a with associated numerals. The dis- 
play also includes illuminated indicia 7a, 7c and 7d, 
representing the values of control constants for 
parameter xxx. in this case the set point repre- 

25 sented by indicia 7a, the lower limit represented by 
indicia 7c, and the upper limit represented by indi- 
cia 7d. The positions of these indicia along scale 
9a represent the values of these control constants. 
Graphic display 9 also includes a bar display 7b for 

30 displaying the actual measured value of parameter 
xxx. The length of bar 7b, and hence the position 
of the right hand edge of the bar along scale 9a 
represents the actual value of parameter xxx. A 
manually operable actuator or button 7, marked 

35 with the name of the parameter or "xxx", is dis- 
posed adjacent display 9. 

In a similar fashion, the display 10 for param- 
eter yyy, pertaining to the outlet conduit of the 
system, is disposed adjacent the pictorial repre- 

40 sentatlon 3 of the outlet conduit. Display 10 is 
generally similar to display 9, and includes a scale 
10a, illuminated indicators 8a, 8c and 8d for dis- 
playing the set point, lower limit and upper limit for 
parameter yyy, and a bar graph 8b for indicating 

45 the actual value of parameter yyy. An actuator 8 is 
disposed adjacent display 10 and is labeled with 
the name of the associated parameter yyy. Also 
arranged on the front of the control panel are 
control constant selector buttons 12, which include 

so an upper limit selector button 12* and a lower limit 
selector button 12", both disposed adjacent man- 
ually rotatable knob or maneuvering element 6. An 
alphanumeric display 11 is disposed on the panel 
face immediately above knob 6. 

55 As illustrated in Fig. 6, actuators 7 and 8 are 

linked to param t r selection means 31, which in 
turn is connected to interpretation means 32. Ma- 
rt uvering element knob 6 is linked to a potentiom- 
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eter 34, which in turn is connected to an analog-to- 
digital converter 36. Converter 36 is also connected 
to interpretation apparatus 32. Control constant se- 
lector buttons 12' and 12" are linked to control 
constant selection means 38 which in is also linked 
to interpretation means 32. Interpretation means 32 
is in turn connected to a comparison and substitu- 
tion apparatus 40, which is linked to a bounding 
value storage register 42. 

As explained below, these components provide 
new values of the control constants to the control 
system. The control system includes a supervisory 
microprocessor 44 incorporating a storage register 
46 and duplication means 48. The control system 
also includes a control microprocessor 50 incor- 
porating a further storage register 52. Both of the 
microprocessors are linked to transducers 54 ar- 
ranged to measure the actual values of the various 
operating parameters of the actual system. 

Supervisory microprocessor 44 is arranged to 
control graphic displays 9 and 10 and bypass 
alarm 5. The supervisory microprocessor is also 
arranged to control pictorial illumination unit 56 so 
as to selectively illuminate each segment of the 
pictorial representation 1, 2. 2a, 3, 3a and 4 with 
red light or with green light, as instructed by the 
supervisory microprocessor, or to leave each seg- 
ment unilluminated. The supervisory microproces- 
sor is also connected, via appropriate drivers (not 
shown) to illuminators 58 and 60 disposed phys- 
ically within actuator buttons 7 and 8. 

The control microprocessor 50 is linked to 
alpha- numeric display 1 1 , and is also to linked to 
the adjustable element 62 of the dialyzer and asso- 
ciated flow conduits. These adjustable elements 
typically include valves, variable electric resistance 
heaters, and the like. 

Although parameter selection means 31, inter- 
pretation means 32, control constant selection 
means 38, analog-to-digital converter 36, bounding 
value storage means 42, and comparison and sub- 
stitution means 40 are illustrated in Figs. 6 as 
being separate from the microprocessors, it should 
be clearly understood that such depiction is solely 
for the sake of clarity of illustration. In actual prac- 
tice, some or all of these elements can actually be 
incorporated in one or both of the microprocessors. 

Figure 1 illustrates the condition of the panel 
face during normal operation, without adjustment of 
any of the control constants. In this condition, il- 
luminators 58 and 60 (Fig. 6) are inactive, so that 
actuator buttons 7 and 8 are not illuminated. Picto- 
rial illumination means 36 (Fig. 6) illuminates the 
pictorial representations of the dialyzer 1 , the inlet 
conduits 2 and 2a, and the outlet conduits 3 and 3a 
with green light, and leaves the pictorial repre- 
sentation 4 of the bypass conduit unilluminated. 
The bypass alarm fight 5 is likewise unilluminated. 
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Alphanumeric display 11 is blank, and graphic dis- 
play 9 is actuated to display the values of set point, 
lower limit and upper limit for parameter xxx stored 
in the storage register 46 of the supervisory micro- 

5 processor 44, and also to display the actual value 
of parameter xxx as measured by the transducers 
54. Likewise, graphic display 10 displays the set 
point, lower limit and upper limit for parameter yyy, 
also, as stored in register 46, and also displays the 

io actual value of parameter yyy. During normal op- 
eration, the actual value of each parameter is close 
to its set point and within the range defined by the 
upper and lower limits for this parameter. Inasmuch 
as the set point, actual value and limits for each 

is parameter are clearly displayed along a common 
scale on a single graphic display, normal operation 
of the system is readily verifiable and the system 
condition as a whole can be readily determined by 
mere visual inspection of the panel. 

20 Figure 2 illustrates the condition of the panel 

during adjustment by the operator of the set point 
for parameter yyy. Upon manual actuation by the 
operator of actuator or button 8 associated with 
parameter yyy. parameter selection means 31 se- 

25 lects parameter yyy. This selection is conveyed to 
supervisory microprocessor 44. which in turn in- 
structs graphic display 10 to flash the illuminated 
indicia 8a t 8c and 8d, for the control constants 
associated with parameter yyy. In the condition 

30 illustrated, the operator has not depressed either 
upper limit selector button 12* or lower limit selec- 
tor button 12". Accordingly, control constant selec- 
tion means 38 selects the set point for parameter 
yyy. rather than the upper limit or lower limit for 

35 that parameter as the particular control constant to 
be adjusted, and signals interpretation means ac- 
cordingly. The interpretation means thus interprets 
the manually variable signal generated by manual 
adjustment of maneuvering element or knob 6 and 

40 operation of analog-to-digital converter 36 as a new 
value for the set point for parameter yyy. The new 
value of parameter yyy is passed to comparison 
and substitution means 40. The comparison and 
substitution means compares the new value with 

45 preset, invariant upper and lower bounding values 
for the set point of parameter yyy stored in bound- 
ing value storage means 42. If the new value of the 
set point generated by interpretation means 32 is 
outside the range defined by these bounding val- 

50 ues, then the comparison and substitution means 
40 would substitute a value within such a range for 
the new value generated by the interpretation 
means. In the situation illustrated in Figure 2, how- 
ver, the new value generated by the interpretation 

55 means is within this range, so that the new value 
passes unaltered from the interpretation means to 
the supervisory microprocessor 44. Th duplication 
means incorporated in the supervisory micropro- 

6 
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cessor digitally duplicates this valu and enters the 
same value into both storage registers 46 and 52. 
In one arrangement, microprocessor 44 may be 
arranged so that the new values are entered into 
register 46 and then copied from that register by 
duplication means 48 into register 52. Control 
microprocessor 50 drives alphanumeric display 11 
to show both the actual measured value of param- 
eter yyy, as obtained from transducers 54, and also 
to show the value of the set point for this param- 
eter last entered into register 52. Because the 
values of the set point are duplicated digitally, the 
exact same value will be stored in register 46 and 
in register 52- Moreover, because the value as 
stored in register 52 is fed back to the operator via 
alphanumeric display 1 1 , as illustrated in Fig. 2, the 
operator will control his actuation of knob 6 accord- 
ing to the set point values as actually input into the 
storage registers. Accordingly, inaccuracies in 34 
or analog-to-digital converter 36 are of little con- 
sequence. Such errors will not result either in the 
storage of divergent values in the two storage 
registers 46 and 52, or in the storage of incorrect 
values. Also, if the operator attempts to set an 
incorrect value such that the comparison and sub- 
stitution means replaces the manually set value 
with one of the preset bounding means, the bound- 
ing limit rather than the manually set value will be 
displayed on display 1 1 . Accordingly, the displayed 
value will not change as the operator adjusts the 
knob further in the wrong direction, thus warning 
the operator of his error. Additional indications of 
such an error can also be provided. 

During the setting process, the supervisory 
microprocessor adjusts the position of the indicia 
8a for the set point along the scale 10a of display 
10, so as to reflect the new set point value. As the 
set point is thus adjusted, and thereafter, the con- 
trol microprocessor 50 will compare the actual val- 
ue of parameter yyy from the transducers from the 
new set point and will adjust the system adjuster 
components 62 to drive the actual value of this 
parameter towards the set point value. 

When upper alarm limit selector button 12 f is 
depressed, the control constant selection means 38 
selects the upper limit control constant for adjust- 
ment. Thus, if the upper limit selection button 12' is 
actuated in conjunction with parameter selection 
button 8. the interpretation means will interpret 
these signals derived from manually adjustable ma- 
neuvering element or knob 8 via potentiometer 34 
and converter 36 as a new value for the upper limit 
of parameter yyy. In that event, the comparison 
and substitution m ans will compare the new value 
with bounding values appropriat to th upper limit, 
rath r than to the s t point for parameter yyy and 
control microprocessor 50 will cause alphanum ric 
display 11 to display both the actual value of 



parameter yyy and the new upper limit value input 
into and stored in register 52. Likewise, with com- 
bined actuation of parameter selection button 8 and 
lower limit selection button 12", the variable signal 

5 derived from operation of knob 6 will be interpreted 
as a new value and for the lower limit of parameter 
yyy. As will be appreciated, the same action per- 
tains to the setting of those parameters which re- 
quires actuation of button 7, rather than button 8. In 

70 each case, the signal derived from operation of 
knob 6 is interpreted as a new value for the par- 
ticular control constant selected hy the control con- 
stant selection means for the particular parameter 
selected by the parameter selection means. The 

75 identity of the parameter and of the control con- 
stant being set is displayed, along with the value of 
the constant as set, on alphanumeric display 1 1 . 

Figure 3 illustrates the appearance of the front 
panel when parameter yyy falls outside the upper 

20 and lower limits associated with that paramet r, 
and the control microprocessor adjusts the system 
to bypass the dialyzer. The bar graph 8b reflecting 
the actual measured value of parameter yyy shows 
the out-of-limit value. Thus, the right hand edge of 

25 the bar graph is at a low level on the scale 10a and 
is outside the range encompassed by indicia 8a 
and 8d, corresponding to the lower and upper 
limits, respectively. To provide a conspicuous 
alarm signal indicating that parameter yyy is out- 

30 side of the limits, supervisory microprocessor 44 
(Fig. 6) causes illuminator 60 to illuminate actuator 
8 with a red light. At the same time, the supervi- 
sory microprocessor illuminates bypass alarm in- 
dicator 5. 

35 The supervisory microprocessor also adjusts 

pictorial illumination means 56 to illuminate the 
pictorial representation 2 of the inlet conduit, the 
pictorial representation 4 of the bypass conduit, 
and the pictorial representation 3 of the outlet con- 

40 duit with a red light. The pictorial representations 
2a and 3a of the branch conduits leading to and 
from the dialyzer are left unilluminated. These pic- 
torial representations thus instantly inform the oper- 
ator that the system is in a bypass condition. The 

45 red color of the illuminated representation provides 
a further signal that the bypass condition is the 
result of an abnormal, out-of-limit condition. These 
signals are supplemented by the bypass alarm 
light 5. The alarm indication provided by illumi- 

50 nated actuator 8 guides the operator to instant 
identification of the particular parameter which is 
out-of-limits, and which has caused the abnormal 
condition. Because all of the actual values and 
control constants for the various parameters are 

55 continually displayed on the associated graphic 
displays, the operator can promptly diagnose the 
nature of the malfunction. 

As is illustrated in Figure 4, the system may be 
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deliberately switched into a bypass mode, for ex- 
ample as part of a predetermined schedule of 
operations, and this can be done even where none 
of the parameters is in an out-of-limit condition. In 
this case, the illuminators associated with actuators 
7 and 8 are left unilluminated, so that no aiarm 
signal is given. Also, although the pictorial repre- 
sentation means is adjusted by the supervisory 
microprocessor to illuminate pictorial representa- 
tions 2, 3 and 4 to show the bypass flow, and to 
leave representations 2a and 3a unilluminated to 
show that no flow is going through the dialyzer, the 
pictorial representation is illuminated in green light, 
rather than red light. Thus, whether or not there is 
an alarm condition, the pictorial representation can 
be employed to show the actual flow path in use 
within the system. 

Typically, the systems controlled by the ap- 
paratus in accordance with the present invention 
require control of more than two parameters, as is 
employed in the systems of Figs. 1-4 and 6. Figure 
5 thus depicts the front face of a control panel, as 
can be used in controlling dialysis fluid flow in a 
hemodialysis system. The panel of Fig. 5 incor- 
porates the same elements as mentioned above in 
connection with Figs. 1-4 and 6. Elements common 
to both embodiments are denoted in Fig. 5 by the 
same reference numerals as those employed in 
Figs. 1-4 and 6. However, display 9 is associated in 
Fig. 5 with the real parameter of fluid conductivity, 
and the associated adjacent actuator 7 is marked 
with the legend "COND", rather than with the nomi- 
nal legend "xxx" appearing on the corresponding 
actuator appearing in Fig. 2. Likewise, the graphic 
display 10 is associated with the real parameter 
transmembrane pressure, and the associated adja- 
cent actuator 8 is marked with the legend "TMP", 
rather than with the nominal legend "yyy." as in 
the other figures. The pictorial representation on 
the front face of the panel in Fig. 5 includes the 
same elements as the pictorial representation of 
Figs. 1-4, but also includes a pictorial representa- 
tion 13 of an additional branch conduit carrying an 
ultrafiltrate flow. Additional graphic representations 
22 and 23 associated with ultrafiltrate volume and 
ultrafiltration rate parameters, both-of which pertain 
to the flow in the ultrafiltrate conduit represented 
by branch 13, are disposed on the panel front face 
adjacent this branch of the pictorial representation. 
Actuators 18 and 19 which are associated, respec- 
tively, with ultrafiltrate volume and ultrafiltration 
rate, are disposed adjacent to graphic displays 22 
and 23, respectively. Furthermore, additional 
graphic displays 20 and 21 for incoming dialysis 
fluid temperature in the inlet represented by picto- 
rial representation 2, and fluid flow in the inlet 2, 
respectively, are disposed adjacent to the pictorial 
representation of the inlet conduit. Actuators 14 
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and 15 relating to these parameters are disposed 
adjacent to these additional displays. The panel of 
Fig. 5 incorporates additional buttons 26 for setting 
the system to operate in different modes. Thus, 

5 each of these buttons may be linked to the control 
and supervisory microprocessors of the system, so 
that these microprocessors, and hence the system 
as a whole, can operate according to different 
programs, depending upon which of the buttons is 

70 actuated. For example, depression of the button 26 
marked "TMP Mode" sets the system to operate 
so as to maintain the transmembrane pressure 
constant, whereas operation of the button 26 
marked "Auto UF Mode" sets the system to per- 

15 form a dialysis procedure with accurately controlled 
ultrafiltration. Operation of the button marked 
"Isolated UF Mode" sets the system to perform a 
pure ultrafiltration procedure without any dialysis 
fluid flow. Likewise, the buttons marked "HEAT 

20 DISNF" "CHEM DISNF", "RINSE" and "DRAIN" 
sets the system to perform the corresponding heat 
sterilization, chemical sterilization, rinsing or emp- 
tying of functions. The panel of Fig. 5 also includes 
a clock display 27. This clock display is associated 

25 with and adjacent to an actuator 16 marked 
"TIME". Operation of this actuator combined with 
adjustment of the knob or maneuvering element 6 
sets the time in internal clocks within the micropro- 
cessors of the system. The panel of Fig. 5 also 

30 includes additional displays for showing information 
other than the values and control constants for the 
parameters set from the panel. Thus, digital display 
28 marked "WATER LEV" indicates the fluid level 
in a vessel for containing dialysis fluid. The panel 

35 of Fig. 5 also includes a start button 24 and a 
button 25 marked "CONFIRM" disposed adjacent 
maneuvering element or knob 6. 

Operation of the panel shown in Figure 5 is 
substantially the same as operation of the panel 

40 described above with reference to Figs. 1-4 and 6. 
Thus, to set the upper limit for transmembrane 
pressure, the operator actuates actuator 8 adjacent 
display 10 for transmembrane pressure, and also 
actuates the high limit button 12* adjacent to ma- 

45 neuvering element or knob 6. The variable signal 
produced upon actuation *of**this elemenHs inter- 
preted as a new value for the transmembrane pres- 
sure upper limit, which is displayed on alphanu- 
meric display 11. However, in operation of the 

50 panel according to Fig. 5, the control system does 
not begin to apply the new value so set until the 
operator signals that he is satisfied with the new 
value displayed on display 11 by pressing CON- 
FIRM button 25. To permit this function, each of 

55 the storage registers associated with the micropro- 
cessors may be provided with a temporary storage 
location, distinct from the storage locations for the 
parameters actually in use, and each microproces- 

8 
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sor may be arranged to shift the newly set value 
from the temporary storage location to the storage 
location assigned to the parameter when the CON- 
FIRM button is depressed. 

Numerous variations and combinations of the 
features described above can be employed in ac- 
cordance with the present invention. Thus, in one 
variant of the invention, the upper and lower limits 
are not set directly. Instead, the system is arranged 
to calculate upper and lower limits for each param- 
eter from the set point selected by the operator for 
such parameter. The upper and lower limits may 
be calculated from the set point according to a 
predetermined formula or algorithm. In this case, 
the control constant selection means may be omit- 
ted and the high limit and low limit selector buttons 
12* and 12" may likewise be omitted. Also, the 
layout of the fluid flow path and the control panel 
face may make it impossible to dispose each 
graphic display and the associated actuator imme- 
diately adjacent the pictorial representation of the 
pertinent portion of the fluid flow path. Thus, some 
of the graphic displays may be disposed adjacent 
related pictorial representations, whereas other 
graphic displays may be disposed at more remote 
locations. In less preferred embodiments, the picto- 
rial representation may be omitted entirely, and the 
graphic displays may be replaced by other forms 
of display. In another less preferred embodiment, 
alphanumeric display 11 may be omitted entirely, 
and the supervisory microprocessor may be ar- 
ranged to display the new value set for each con- 
trol constant only on the related graphic display. 

As will be readily appreciated, the layout of the 
panel face, and the particular parameters and ac- 
tual constants employed, will vary with the nature 
of the system to be controlled. 

Typically, in control of the dialysis fluid portion 
of a hemodialysis system, the control panel should 
be arranged to set control constants for one or 
more of the following functions: conductivity, tem- 
perature, fluid flow, transmembrane pressure, ultra- 
filtrate volume, ultrafiltration rate, time, chemical 
composition, pH and blood leakage monitoring. In 
control of the blood-handling portion of a 
hemodialysis system, control constants for one or 
more of the following parameters should be set by 
use of a control panel in accordance with the 
present invention: temperature, blood flow, trans- 
membrane pressure, venous pressure, arterial 
pressure, chemical composition and the presence 
of air. In a particularly preferred arrangement, the 
control panel according to the pres nt invention is 
configured to control both blood handling portion 
and the hemodialysis fluid flow portion of the sys- 
tem. A control panel for such use would typically 
incorporate pictorial representations of the flow 
paths for both blood and dialysis fluid. As the 



present invention provides important improvements 
in monitoring and control of operating parameters 
in hemodialysis fluid flow and/or blood flow in 
hemodialysis operations, the invention provides im- 

s proved methods of controlling these functions. In 
the improved methods, control panels and systems 
in accordance with the present invention are em- 
ployed and operated as described above. 

In the embodiments described above, parti cu- 

10 larly with reference to Fig. 6 f the digital duplication 
means takes the new value for each control param- 
eter, duplicates it and enters the new value into the 
storage registers associated with both the supervi- 
sory and the control microprocessor. However, in a 

75 variant to this approach, a "dummy" storage regis- 
ter is provided which is not operatively associated 
with either of the microprocessors. The input 
means may be arranged to direct new values into 
the dummy storage register and the digital duplica- 

zo tion means may be arranged to copy the values 
from the dummy storage register into the storage 
registers associated with the supervisory and con- 
trol microprocessors. In the apparatus described 
above, the comparison and substitution means 

25 checks the new value for every control constant 
However, the apparatus can be arranged so that 
the less significant or non-critical control constants 
are not so checked. 

As these and other variations and combinations 

30 of the features described above may be employed, 
the foregoing descriptions of the embodiments 
should be taken as illustrating, rather than as limit- 
ing, the present invention as defined by the claims. 

35 Claims 

1. A control panel for use with a system having 
means for regulating a plurality of parameters 
(xxx, yyy) according to at least one control con- 

40 stant associated with each parameter, said 

control constants including a critical constant, 
the control panel comprising: manually control- 
lable input means (6) for manually setting new 
values (e g 7a,8a) of said control constants and 

45 supplying said manually selected new values 

of said control constants to said system; char- 
acterized by comparison and substitution 
means (40) for comparing said manually se- 
lected new value supplied by said manually 

so controllable input means (6) for said critical 

constant with a predetermined range (e g 7c- 
7d,8c-8d) defined by upper and lower bound- 
ing values for said critical constant and sup- 
plying to said system a new value of said 

55 critical constant within said predeterrnin d 

range in place of said manually selected new 
value when said manually select d new values 
supplied by said manually controllable input 
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means (6) is above said upper bounding value 
(7d,8d) or below said lower bounding value 
(7c,8c). 

2. The control panel of claim 1 wherein said 
comparison and substitution means (40) is op- 
erative to supply said lower bounding value 
(7c.8c) to said system as said new value when 
said manually selected new value (7a.8a) of 
said critical constant is less than said lower 
bounding value, and wherein said comparison 
and substitution means (40) is operative to 
supply said upper bounding value (7d,8d) to 
said system as said new value when said 
manually selected new value of said critical 
constant is greater than said upper bounding 
value. 

3. The control panel of claim 1, wherein said 
plurality of different control constants (7a- 
7d;8a-8d) for each of said parameters includes 
a set point a lower limit and an upper limit. 

4. The control panel of claim 3, comprising con- 
trol constant selector means (12), wherein said 
control constant selector means (12) includes 
default means for automatically selecting said 
set point (e g 7a), and means for selecting said 
upper limit (7d) or said lower limit (7c) only 
upon manual actuation of said control constant 
selector means (12). 

5. The control panel of claim 1 wherein each of 
said display means (9.10) includes measured 
value display means (7b,8b) for displaying the 
actual measured value of the associated pa- 
rameter. 

6. The control panel of claim 3 including display 
means (e g 9), wherein each of said display 
means includes graphic means (7a-7d) for re- 
presenting the acuta! value (7b) of the asso- 
ciated parameter and the value (7a,7c,7d) of 
each control constant for the associated pa- 
rameter as locations along a common scale. 

7. The control panel of claim 6 further comprising 
alphanumeric display means (11) for displaying 
information representative of the identity of the 
parameter selected by said parameter selec- 
tion means (7,8). 

8. The control panel of claim 7 wherein said 
alphanumeric display means (11) further in- 
cludes data display means for displaying data 
representing the new value of said control con- 
stants supplied to the system. 



9. The control panel of claim 1 for use with a 
system incorporating at least one fluid flow 
path, at least one of said parameters (xxx.yyy) 
pertaining to a condition prevailing at a pre- 

s determined location in said fluid flow path, said 

control panel further comprising a pictorial re- 
presentation (2.2a,1,3a,3 or 2,4,3) of said fluid 
flow path, said display means (e g 9) asso- 
ciated with said at least one (xxx) of said 

70 parameters being disposed along said pictorial 

representation in a position corresponding to 
the location on said fluid flow path to which the 
associated parameter (xxx) pertain. 

75 10. The control panel of claim 9, for use with a 
system including a plurality of alternate flow 
paths, said pictorial representations including a 
plurality of alternate displays (2,2a,1,3a,3 and 
2,4,3) representative of said alternate flow 

20 paths, further comprising means for selectively 

illuminating the alternate representation cor- 
responding to the particular flow path in use in 
said system. 

25 11. In a method of controlling the dialysis fluid 
portion of a hemodialysis system, the improve- 
ment comprising the step of setting control 
constant values (e g 7a,8a) for at least one 
parameter (xxx.yyy) selected from the group 

30 consisting of conductivity, temperature, fluid 

flow, transmembrane pressure, ultrafiltrate vol- 
ume, ultrafiltration rate, time, chemical com- 
position, ph, and blood leakage using the con- 
trol panel of any of the claims 1-11. 

35 

12. In a method of controlling the blood portion of 
hemodialysis, the improvement comprising the 
step of setting control constant value (e g 
7a,8a) for controlling at least one parameter 
4o (xxx.yyy) selected from the group consisting of 

temperature, blood flow, transmembrane pres- 
sure, venous pressure, arterial pressure, 
chemical composition, and air inclusion using 
the control panel of any of the claims 1-11. 

45 
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© A control panel is described for use with a 
system having means for regulating a plurality of 
parameters (xxx,yyy) according to at least one con- 
trol constant associated with each parameter, said 
control constants including a critical constant, the 
control panel comprising: manually controllable input 
means (6) for manually setting new values (e g 
7a,8a) of said control constants and supplying said 
manually selected new values of said control con- 
stants to said system. 

The control panel according to the invention is 
intended primarily for the control of hemodialysis, 
that is to say the purification of the blood of patients 
with diminished renal function or wholly lacking such 
function. 



The control panel according to the invention is 
characterized by comparison and substitution means 
(40) for comparing said manually selected new value 
supplied by said manually controllable input means 
(6) for said critical constant with a predetermined 
range (e g 7c-7d,8c-8d) defined by upper and lower 
bounding values for said critical constant and sup- 
plying to said system a new value of said critical 
constant within said predetermined range in place of 
said manually selected new value when said man- 
ually selected new values supplied by said manually 
controllable input means (6) is above said upper 
bounding value (7d,8d) or below said lower bounding 
value (7c,8c). 
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